Co-adhesion of oral microbial pairs- a physico-chemical approach by Bos, Roelof
  
 University of Groningen
Co-adhesion of oral microbial pairs- a physico-chemical approach
Bos, Roelof
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1996
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Bos, R. (1996). Co-adhesion of oral microbial pairs- a physico-chemical approach. Groningen: s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the




Interspecies binding, i.e. adhesive interactions between different species of
microorganisms, has been extensively studied over the last 20 years (see Chapter I for a
literature survey). Interspecies binding was first reported by Gibbons and Nygaard (1970)
observing that, upon mixing in a test tube, ceÍain oral microbial pairs displayed fast and
extensive coaggregation whereas others did not. Many investigators have extended this
work to show that interspecies binding does not result from random coaggregation, but that
highly ordered structures are formed (see the backcover of this thesis), which have been
observed as well in dental plaque and in other mixed species biofilms. In dental plaque,
each strain or species appears to have its own specific partners. Moreover, the interactions
between microbial pairs are described nowadays to be mediated by specific surface
molecules, such as lectin-carbohydrate pairs, the interaction between which requires
calcium ions and which can be inhibited by, for example, lactose.
Dental plaque must be removed daily in order to keep the commensal microflora of
the oral cavity intact and free of potential pathogens. However, despite extensive tooth
brushing, not all adhering microorganisms can be removed because they may still reside in
interproximal spaces, fissures and small cracks in the enamel, which are places difficult to
clean by brushing (the most common form of oral hygiene, despite the availabity of tooth
picks, dental floss and oral rinses). These adhering (or sessile) microorganisms may
stimulate the adhesion of suspended (or planktonic) microorganisms present in saliva in
fast amounts (108 CFU mf'). Within 4 hours after tooth cleaning, a mixed bacterial
population will become adhering to the enamel surface, consisting predominantly of Gram
positive cocci and rods. If adhering microorganisms specifically stimulate the adhesion of
potentially pathogenic species, a health threatening microbial community may establish.
Fortunately, the early colonizers of the enamel surface, Streptococcus oralis, Streptococcus
sanguis, Actinomyces naeslundii, neither belong to strains generally considered to be most
cariogenic (í.e. Streptococcus sobrinus, Streptococcus mutans and Lactobacilli) nor to the
potentially periodontogenic ones (i.e. Actinobacillus actinomycetemcomitans.
P orphyromonas gingivalis and P orphyromonqs interme diq).
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In chapter 3 a quantitative method to study the kinetics of co-adhesion and to
determine the effects of mass transport conditions, like shear and concentration, on the
kinetics of co-adhesion is described, based on separating the deposition rates of
streptococci to a substratum into a so-called "local initial deposition rate", i.e. in the close
vicinity of adhering actinomyces and into a "non-local initial deposition rate", i.e. far
away from adhering actinomyces. Local initial deposition rates in the vicinity of the
actinomyces were similar as observed on other regions over the substratum surface ("non-
local deposition rates") for a non-coaggregating pair, but were up to 19 times higher for a
coaggregating pair. Local initial deposition rates increased with increasing streptococcal
concentration for the coaggregating pair. However, if it is attempted to increase the local
initial deposition rate by increasing the flow rate, it was found that local initial deposition
rates decreased, most likely because the interaction time between the adhering actinomyces
and the flowing streptococci became too short. The high deposition rates for the
coaggregating pair could not be explained on the basis of convective-diffusional mass
transport towards the substratum, but required accounting for collisions between adhering
actinomyces and streptococci flowing parallel to the surface.
In chapter 4 the physico-chemical surface properties of four Actinomyces
naeslundii strains and three streptococcal strains representing a selection of coaggregating
and non-coaggregating oral microbial pairs are characterízed by microelectrophoresis,
contact angle measurements and X-ray photoelectron spectroscopy. Interspecies binding
appeared to be governed, at least partially, by localized electrostatic attraction, despite
overall electrostatic repulsion between the negatively charged strains, in addition to
attractive Lifshitz-Van der Waals forces and possibly acid-base interactions. Analysis of
the deposition kinetics using a parallel plate flow chamber, showed that adhering
actinomyces act as local perfect sinks for flowing streptococci.
In chapter 5, the local initial deposition rates of streptococci to adhering
actinomyces, acting as protruding local sinks on a glass collector were measured, as a
function of the actinomyces density. The local initial deposition rates 7, i.e. deposition in
the vicinity of actinomyces, jr,, compared well with values predicted by a model based on
convective-diffusion perpendicular to the collector surface and convection parallel to the
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collector surÍàce when the seeding density of adhering actinomyces was below 0.5 x 10"
cm'r 10.03 oÁ surface coverage). Horvever. at higher seeding densities the model breaks
dorvn due to particle depletion of the suspension downstream of a protruding sink.
In chapter ó, co-adhesion of streptococci to actinomyces adhering on glass w.as
studied Íiom buffer and saliva in the absence and presence of lactose. For coaggregating
pairs local initial deposition rates of streptococci n the immediate vicinity of adhering
actinomyces were up to 5 to 10 times higlier than the non-local initial deposition rales in
buffer and in saliva. respectively. In a stationary end-point of co-adhesion, 5 to 6 times
more streptococci co-adhered with the adhering actinomyces than averaged ovcr the entire
substratum surface. A non-coaggregating pair showed only minor prefercntial (co-
)adhesion near the adhering actinomyces. Co-adhesion in buffer il'as fully lost '"vhen
lactose was added. However, addition of lactose to saliva did not inhibit co-adhesion but
co-adhesion became more reversible. Detacl.rment of microorganisms from the substratum
due to the passage of an air-liquid interface, as occurs liequently in the oral car,ity during
eating, drinking and speaking, was minimal wher.r deposition was carried out lrom buffer
to bare glass. Major detachment of streptococci adhering to the substratum occurred when
adhesion was mediated through a salivary conditioning fi lm (a "pell icle") on the glass.
while detachment of adhering actinomyces and streptococci co-adhering with them
remained low. It is suggested that in the developn.rent of dental plaque. adhering
actinomyces may act as strongholds for other microorganisms. e g. streptococci. to adhere.
ln chapter 7, the inl'luence of ionic strength of the microbial suspensions and
substratum hydrophobicity on the co-adhesior.r of S. oruli,s 34 to either A. naeslundií'l'l4Y-
Jl or 5951 was studied. To this end. the ionic strength of the suspension rvas varied by thc
addition of KCl. Whereas the kinetics of co-adhesion of S oralis 34 to the actinomyces
decreased i.','ith increasing ionic strengtl.r of the suspension, substratum hydrophobicity was
not a factor in the co-adhesion kinetics, when expresscd as the ratio 1 between the local
and non-local initial deposition rates of the streptococci. In a stationary end-point of co-
acllresion, ionic strength appeared not to be a cleterminant Íàctor for S. oralis 34 co-
adhering w.ith L ncte,slundii 5951. neither when the actinomyces were adherir.rg to
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S. oralis 34 co-adhering in a stationary end-point with l. naeslundii T14V-JI in the high
ionic strength (250 mM KCI) suspension, however, co-adhesion was far less on
hydrophobic, DDS-coated glass than on hydrophillic glass. Presumably, the hydrophobic
fibrils on A. naeslundit T14V-JI bearing the lectin responsible for co-adhesion, were
immobilized in the latter case by adsorption to the hydrophobic substratum, making them
less available for interaction with the streptococci.
In chapter 8, the influence oftemperature on the co-adhesion of coaggregating oral
microbial pairs in saliva is decribed. In the range ftom 22"C up to 35oC both pairs
studied, S. oralis 34 with A. naeslundil 5951 and S. oralis J22 wíth A. naeslundii 5951,
displayed similar co-adhesion kinetics and co-adhesion in a stationary end-point, but
around and above 37oC co-adhesion almost disappeared. Hence, we conclude that co-
adhesion of coaggregating oral microbial pairs in saliva may be critically inÍluenced by
temperature, especially around the hard and soft tissue surface temperatures prevailing in
the oral cavity.
In chapter 9, the general discussion to this thesis, suggestions are made to improve
the method developed for quantification of microbial co-adhesion under flow. These
include increasing the resolution of the image analysis system and development of more
advanced software to analyze co-adhesion. Furthermore, although the results of this thesis
clearly demonstrate that microbial co-adhesion can be at least partially described in terms
of overall, physico-chemical mechanisms, several aspects of the process of microbial co-
adhesion have not been adequately assessed and suggestions are raised for future
experiments, such as e.g. to measure co-adhesion under fluctuating shear and temperature
conditions or study the influence of pH.
Summarizing, this thesis demonstrates that with the aid of a parallel plate flow
chamber and image analysis techniques, co-adhesion of (oral) microbial pairs can be
quantified (on a continuous scale) under experimental conditions that can be adapted to
mimic the dynamic conditions of the oral cavity, but also of other microbial niches in the
human body, where co-adhesion may occur, such as the oro-pharyngeal region ("voice
prostheses" e.g. become colonized by a biofilm of co-adhering bacteria and yeasts) or the
urinary tract (infections may partly arise from co-adhesion of pathogens with the
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Summary
commensal microflora). Therefore, it is anticipated that the method developed will find
wide-spread use in the research of biofrlm formation on biomaterials surfaces of
biomedical devices.
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